Language impairments are a well established finding in patients with schizophrenia and in individuals at-risk for psychosis. A growing body of research has revealed shared risk factors between individuals with psychotic-like experiences (PLEs) from the general population and patients with schizophrenia. In particular, adolescents with PLEs have been shown to be at an increased risk for later psychosis. However, to date there has been little information published on electrophysiological correlates of language comprehension in this at-risk group. A 64 channel EEG recorded electrical activity while 37 (16 At-Risk; 21 Controls) participants completed the British Picture Vocabulary Scale (BPVS-II) receptive vocabulary task. The P300 component was examined as a function of language comprehension. The at-risk group were impaired behaviourally on receptive language and were characterised by a reduction in P300 amplitude relative to the control group. The results of this study reveal electrophysiological evidence for receptive language deficits in adolescents with PLEs, suggesting that the earliest neurobiological changes underlying psychosis may be apparent in the adolescent period.
Introduction
Language impairments are a central feature of schizophrenia (Condray, 2005; Spironelli et al., 2008) . In particular, receptive language deficits are not only present in patients with schizophrenia but also in those at-risk for psychosis such as unaffected family relatives and prodromal individuals (for reviews, see Condray et al., 2002; DeLisi, 2001) . Klosterkotter et al. (2001) found that impaired receptive language ability in prodromal individuals was predictive of schizophrenia with a probability of up to 91% (specificity: 0.85-0.91; false-positive predictions: 1.9%-7.5%). Cannon et al. (2002) demonstrated that receptive language deficits distinguished adolescents who were later diagnosed with schizophreniform disorder from those who were not. Howlin et al. (2000) also reported that ten per cent of a group of children with developmental receptive language disorder had developed schizophrenia in adulthood.
A novel approach to identifying individuals at increased risk for psychosis is the 'symptomatic' at-risk paradigm, which comprises young people with subclinical psychotic symptoms (also known as Psychotic-Like Experiences or PLEs) from the general population (Kelleher and Cannon, 2010; Laurens et al., 2007; . A significant association has been demonstrated between PLEs in adolescence and the onset of a psychotic disorder in adulthood (Poulton et al., 2000; Hanssen et al., 2005; Welham et al., 2009) . Blanchard et al. (2010) reported significantly impaired receptive language ability in adolescents with PLEs when compared to a control group. These findings suggest that deficits in processing spoken language may be among the earliest emerging abnormalities in schizophrenia-spectrum disorders.
The P300 event-related potential (ERP), typically elicited with an auditory oddball paradigm, is impaired in patients with schizophrenia (McCarley et al., 1993; Mathalon et al., 2000) and also in first-episode patients (de Wilde et al., 2008) , prodromal individuals (Bramon et al., 2008; Ozgurdal et al., 2008) and in those at-risk for psychosis (Frangou et al., 1997; Winterer et al., 2003; Frommann et al., 2008; van Tricht et al., 2010) . Although the P300 component is usually thought to reflect memory updating and the allocation of attentional resources, this component can also offer insight into language processing Jeon and Polich, 2003) . Decreased P300 amplitude was associated with reduced grey matter volume in the superior temporal gyrus (STG), an area related to language comprehension, in chronic and first-episode schizophrenia patients and also with STG activation in children genetically at-risk for psychosis (McCarley et al., 1993 (McCarley et al., , 2002 O'Donnell et al., 1999; Rajarethinam et al., 2011) .
Previous studies have examined the P300 component in relation to receptive language in healthy individuals and in individuals with language disorders (for review, see . Connolly et al. (1999) adapted the vocabulary subtests of the Wechsler Intelligence Scale for Children-III (WISC-III; Wechsler, 1991) to examine receptive vocabulary with ERPs. A P300 component was present only to words in which the participant knew the meaning of and was absent when words beyond the participant's vocabulary range were presented (Connolly et al., 1999) . These findings were also replicated with other standard neuropsychological tests of receptive language Connolly et al., 1995; D'Arcy et al., 2000; Henderson et al., 2011) . To our knowledge, no previous studies have examined electrophysiological correlates of receptive language in young people with psychotic symptoms. We hypothesised that in comparison to a control group, adolescents with psychotic-like experiences would exhibit an impaired P300 on a receptive language task.
Method

Participants
Adolescents aged 10-13 years old (M = 11.62, SD = .55) were recruited from large single-and mixed-sex primary-level schools. Details of the recruitment procedure are provided in Kelleher et al. (2011) . Written informed consent was obtained from the parent and the child prior to participation. Following a clinical interview, thirty-seven participants completed EEG testing. Participants were divided into two groups: an "At-Risk" group (7 Male) consisting of sixteen participants reporting psychotic symptoms, and a Control group (12 Male) of twenty-one participants without psychotic symptoms. All participants had normal or corrected-to-normal vision, normal hearing and no previous neurological disorders or brain injuries. No participants were taking any medication at the time of testing. This research was approved by the Ethics Committees of Beaumont Hospital and the National University of Ireland, Maynooth.
Assessment of PLEs
The psychosis section of the Kiddie-Schedule for Affective Disorders and Schizophrenia for School-Aged Children, Present and Lifetime Versions (K-SADS-PL; Kaufman et al., 1996) was employed to investigate the presence of psychotic-like experiences. Hallucinations and delusions were assessed with questions such as "Has there ever been a time you heard voices when you were alone?" and "Has there ever been a time you felt that someone was out to hurt you?" A consensus meeting was held following the interviews to discuss the information contained in the interview on psychotic-like experiences and to decide whether these symptoms could be rated as definite psychotic symptoms.
EEG testing 2.3.1. ERP task stimuli
The computerised ERP task was adapted directly from the British Picture Vocabulary Scale-2nd Edition (BPVS-II; Dunn et al., 1997) . The task consisted of 96 spoken English words (i.e. nouns, adjectives and verbs) taken from the BPVS-II and were presented through the computer speakers. Each spoken word was accompanied by four pictures, where only one picture matched the word in meaning. The task was presented in eight blocks of increasing difficulty where each block contained 12 trials (see Appendix 1).
ERP task design
The task was presented using E-Prime© stimulus presentation software. The onset of a trial was indicated by a fixation cross located in the centre of the screen for 500 ms. Following the offset of the fixation cross, four black and white pictures presented in a 2 × 2 array appeared on-screen which were subsequently followed by a spoken word (ISI 1000 ms). The pictures remained on screen until the participant responded. Each picture contained a coloured dot that corresponded to a coloured button on a RB-834 response box (Cedrus©). The participant's task was to select the picture that matched the spoken word in meaning. Following the response, a blank screen was presented for 1000 ms to allow for blinking and a fixation cross signalled the onset of a new trial.
EEG recording
EEG data were recorded using silver/silver chloride electrodes (Brain Vision©) at 64 electrode sites positioned according to the extended 10-20 system of electrode placement. Horizontal eye movements (HEOG) were recorded from electrodes positioned at the outer canthus of each eye. Vertical eye movements (VEOG) were recorded from electrodes located above and below the left eye. The reference electrode was placed on the nasion of the nose. Skin was lightly abraded to maintain an impedance level below 10 kΩ. The EEG signal was amplified (Brain Vision©) with a band-pass filter of 0.16-100 Hz and a gain of 1000. EEG data were digitised at a sampling rate of 500. The conversion rate was 2000 Hz per channel and the range was 150 mV. Filters were set at a low cut off of 0.53 Hz and a high cut off of 30 Hz. Recordings were notch filtered offline at 50 Hz. Blinks were averaged off-line and an EOG automatic artefact rejection algorithm was applied to the data (Berg and Scherg, 1991; Ille et al., 2002) .
E-prime logged accuracy scores and reaction time in real time for each trial. ERPs were obtained by averaging the EEG around an epoch of 1300 ms (i.e. −100 ms pre-stimulus to 1200 ms post-stimulus). ERPs were stimulus-locked to the onset of the auditory presentation of the word and were response-binned into correct and incorrect responses to investigate the presence of the P300 at 280-500 ms. Table 1 demonstrates the average number of trials per person that was included in each condition.
Statistical analyses
Participants were compared on demographic variables such as age, sex, and handedness. Mixed factorial ANOVA were carried out on accuracy and reaction time scores. ERP data from the eight blocks of the task were collapsed into two levels of difficulty based on the accuracy scores. The first four blocks were collapsed and defined as an 'Easy' level resulting from high accuracy obtained by all participants and the final four blocks were identified as a 'Difficult' level due to a significant drop in accuracy scores across all participants [t (36) = Mean amplitude and peak latency data were subjected to analyses which examined differences across Task Difficulty (Easy and Difficult), Condition (Correct and Incorrect) and Group (Controls, At-Risk). Fig. 1 illustrates the waveforms for each group across Correct and Incorrect responses. For each ANOVA, an alpha value of .05 was used for main and interaction effects. Greenhouse-Geisser correction was reported when the assumption of sphericity was violated. Bonferroni-corrected t-tests further investigated significant main and interaction effects.
Results
Demographic comparisons
No significant differences were found between the at-risk and control groups on demographic factors such as age, sex, or handedness.
Behavioural results
A 2 × 2 mixed factorial ANOVA was performed with Task Difficulty (Easy, Difficult) as the within subjects variable and Group (Controls, At-Risk) as the between subjects variable. A main effect of Task Difficulty [F (1, 35) = 555.569, p = .000] illustrated higher accuracy scores for the Easy level compared to the Difficult level and an interaction effect of Task Difficulty ⁎ Group [F (1, 35) = 4.520, p = .041] was also found. An independent t-test revealed a significant group difference on the Difficult level [t (35) = 2.249, p = .031]. This result illustrated higher accuracy scores for the controls compared to the at-risk group. The groups were compared on reaction time (RT) with a 2 ×2 ANOVA which yielded a main effect of Task Difficulty [F (1, 35) = 20.803, p =.000]. An independent t-test revealed a significant increase in RT on the Difficult level [t (36)= −4.448, p=.000] compared to the Easy level. No significant group differences were found on reaction times.
P300 mean amplitude and latency
Overall analyses
A 2 × 2 repeated measures ANOVA was conducted to compare the P300 amplitude and latency across Task Difficulty (Easy, Difficult) and Electrode Site (Fz, Cz), regardless of accuracy scores. A main effect of Electrode Site [F (1, 36) = 6.610, p = .014] and an interaction effect of Task Difficulty ⁎ Electrode Site [F (1, 36) = 5.371, p = .026] were revealed. Paired t-tests demonstrated larger P300 amplitude at Fz than at Cz on the Easy level [t (36) = 3.202, p = .003]. There were no differences in P300 amplitude or latency across Task Difficulty. The P300 amplitude and latency was also compared across Condition (Correct, Incorrect) and Electrode Site (Fz, Cz), regardless of the level of difficulty. A significant interaction effect of Condition ⁎ Electrode Site [F (1, 36) = 9.707, p = .004] was found. Paired t-tests revealed a significant difference between correct and incorrect responses at electrode Cz [t (36) = 2.218, p = .033]. However following Bonferroni correction for multiple paired t-tests, this significant effect was no longer maintained. No significant differences were found for P300 latency.
Group analyses
A 2 × 2 × 2 × 2 mixed factorial ANOVA compared the groups (Controls, At-Risk) on P300 amplitude across Condition (Correct, Incorrect), Task ]. An independent t-test confirmed the group difference on correct responses for the Difficult level [t (35) = 2.168, p = .037], illustrating larger P300 amplitude in the controls compared to the at-risk group (see Fig. 2 ). The analyses were repeated for incorrect responses and no group differences were found. P300 latency was also examined but revealed no significant differences across Condition, Task Difficulty, Electrode Site or Group.
Discussion
This study investigated electrophysiological correlates of receptive language in adolescents reporting psychotic-like experiences compared to a control group. Overall, accuracy was decreased and reaction time was increased on the Difficult level of the task compared with the Easy level. The At-Risk group were characterised by decreased accuracy on the Difficult level compared to the controls but no group differences were found for reaction time. This finding supports previous behavioural reports of impaired receptive language in adolescents reporting PLEs (Cannon et al., 2002; Blanchard et al., 2010) . The results of the behavioural analyses suggest that receptive language impairments are apparent in adolescents with PLEs.
On electrophysiological measures, the At-Risk group exhibited smaller P300 amplitude to correct responses in the Difficult level compared to the control group. According to , a diminished P300 to a correct response, in the context of language comprehension, reflects a failure to understand the meaning of the word. On an auditory oddball paradigm, decreased P300 is thought to reflect impaired updating of the context in working memory and the allocation of attentional processes (Donchin and Coles, 1988; Duncan et al., 2009; Polich and Donchin, 1988) . However, these processes may also contribute to deficits in the comprehension of spoken language, such that processing new incoming stimuli (i.e. speech) may be impaired as a result of an inability to update the current context in working memory. Furthermore, evidence of a relationship between the P300 and language processing lies in the generators of the auditory P300, some of which reside in the left temporal lobe. McCarley et al. (1993) documented a relationship between reduced P300 amplitude in first-episode and chronic patients with schizophrenia and grey matter volume in the left superior temporal gyrus (STG). Wernicke's area is located in the superior temporal gyrus, which is an area responsible for the comprehension of spoken language. However, fMRI studies have also reported activation in the frontal cortex during receptive language tasks (Demonet et al., 1992; Bottini et al., 1994; Price et al., 1996) . P300 amplitude on the Difficult level was compared to the Easy level to ascertain whether this component could distinguish between the levels regardless of accuracy scores. The lack of a significant difference between the levels may have resulted from the inclusion of correct responses in the Difficult level as participants still obtained a relatively high number of correct answers at this level of difficulty. Furthermore, when the P300 was analysed based on behavioural accuracy, rather than on level of difficulty, the amplitude was larger for correct responses compared to incorrect responses. However, despite this finding being no longer significant following Bonferroni correction, previous studies support this trend where P300 amplitude was significantly larger in response to correct answers compared to incorrect answers . P300 latency did not differ across Group, Condition or Task Difficulty. The lack of a significant difference in P300 latency across Easy and Difficult levels suggest that efficient categorisation of complex task stimuli from the Difficult level may not have been affected in either of the groups. While P300 latency is usually prolonged in patients with schizophrenia, de Wilde et al. (2008) found that latency in young patients with recent onset schizophrenia is not significantly different to controls. Frangou et al. (1997) reported that P300 latency is related to age and illness duration, such that slowed latency is more apparent with increasing age and illness duration. Therefore, an increase in P300 latency may index a disruption in the speed of stimulus classification resulting from illness-related factors (Duncan et al., 2009 ).
This study employed an established neuropsychological task while recording ERPs to investigate the neural correlates of receptive language in adolescents with PLEs in comparison to a group of controls. Evidence of a P300 to correct responses provides support for the identification of a potential ERP correlate of a complex cognitive function such as receptive language. Also, the use of a neuropsychological test facilitated the interpretation of the waveforms as the BPVS-II task is an established direct measure of receptive language. The results of this study lend support to previous evidence of a relationship between the P300 and the ability to understand spoken language. Furthermore, this is the first study to demonstrate neurophysiological correlates of disrupted receptive language processes in adolescents with psychotic symptoms.
A limitation of this study was the relatively small sample size and the lack of another comparison group with receptive language impairment. Comparing the P300 to another language impaired group may have provided further insight into the degree to which the P300 can index receptive language impairment. Further research investigating the P300 component in relation to receptive language may provide insight into the neural underpinnings of language deficits in those at-risk for schizophrenia. Follow-up studies of individuals at-risk for psychosis may elucidate whether receptive language deficits may confer increased risk for developing a psychotic disorder in adulthood. The results of this study demonstrate disrupted neural correlates of receptive language function in adolescents with PLEs, suggesting that the neurobiological mechanism underlying psychosis may be manifest in the adolescent period.
Supplementary materials related to this article can be found online at doi:10.1016/j.schres.2012.01.017.
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